
마스터 제목 스타일 편집

Self-Supervised Learning

안인규 (Inkyu An)

Speech And Audio Recognition
(오디오 음성인식) 

https://mairlab-km.github.io/

This lecture material refers to 
https://github.com/yandexdataschool/speech_course?tab=readme-ov-file and 
https://github.com/markovka17/dla

https://github.com/yandexdataschool/speech_course?tab=readme-ov-file
https://github.com/yandexdataschool/speech_course?tab=readme-ov-file
https://github.com/yandexdataschool/speech_course?tab=readme-ov-file
https://github.com/yandexdataschool/speech_course?tab=readme-ov-file
https://github.com/yandexdataschool/speech_course?tab=readme-ov-file
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• Learning Paradigms

• Self-Supervised Learning

• Self-Supervised Learning for Speech

• beyond ASR
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supervised learning unsupervised learning semi-supervised learning

#capybara #pets #animals #wild

https://www.instagram.com/explore/tags/capybara/
https://www.instagram.com/explore/tags/pets/
https://www.instagram.com/explore/tags/animals/
https://www.instagram.com/explore/tags/wild/
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supervised learning unsupervised learning semi-supervised learning

#capybara #pets #animals #wild

⇒ hashtag prediction ⇒ speech recognition

weakly-supervised learning

https://www.instagram.com/explore/tags/capybara/
https://www.instagram.com/explore/tags/pets/
https://www.instagram.com/explore/tags/animals/
https://www.instagram.com/explore/tags/wild/
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● Meta MMS (Massively Multilingual Speech), 2023
○ Scaling Speech Technology to 1,000+ Languages
○ New Testament

■ faithcomesbyhearing.com
■ goto.bible
■ bible.com

○ Towards Robust Speech Representation Learning for Thousands of Languages
(CMU; 2024)

● OpenAI Whisper, 2022
○ Robust Speech Recognition via Large-Scale Weak Supervision
○ 680k hours
○ We construct the dataset from audio that is paired with transcripts on the 

Internet

https://research.facebook.com/publications/scaling-speech-technology-to-1000-languages/
https://research.facebook.com/publications/scaling-speech-technology-to-1000-languages/
http://www.faithcomesbyhearing.com
http://www.faithcomesbyhearing.com
https://goto.bible/
https://goto.bible/
https://www.bible.com/
https://www.bible.com/
https://arxiv.org/pdf/2407.00837
https://arxiv.org/pdf/2407.00837
https://cdn.openai.com/papers/whisper.pdf
https://cdn.openai.com/papers/whisper.pdf
https://cdn.openai.com/papers/whisper.pdf
https://cdn.openai.com/papers/whisper.pdf
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They studied life 
from books, while 

he was busy living it.

Image: 

Text: 
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They studied life 
from books, while 

he was busy living it.

Image: 

Text: 

input features

They [MASK] life 
from books, while 
he was [MASK]

living it.

target variables

They studied life 
from books, while 

he was busy living it.

“In self-supervised learning, the system learns to predict part of its input from 

other parts of it input. In other words a portion of the input is used as a sup
ervisory signal to a predictor fed with the remaining portion of the input.”

https://www.facebook.com/722677142/posts/10155934004262143/

https://www.facebook.com/722677142/posts/10155934004262143/
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● fast convergence
● better convergence (data)
● low-resource
● large-scale models (data)
● foundation model
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Harnessing the Power of LLMs in Pract
ice: A Survey on ChatGPT and Beyond

https://arxiv.org/pdf/2304.13712
https://arxiv.org/pdf/2304.13712
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● 1 speech second ~ 16000 floats
● how to build vocab?
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ICASSP 2022 SSL tutorial

https://docs.google.com/presentation/d/1oN0W-6e1tBFpmR_NXVwQRAkrP4d3h32G-T-W6geCXoM/edit#slide=id.p
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(code word 수)
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● wav2vec 2.0: A Framework for Self-Supervised Learning of 
Speech Representations (Facebook AI, 2020)

● K = 100 distractors from the same utterance

Contrastive 
objective

Gumbel 
Softmax

https://arxiv.org/pdf/2006.11477.pdf
https://arxiv.org/pdf/2006.11477.pdf
https://arxiv.org/pdf/2006.11477.pdf
https://arxiv.org/pdf/2006.11477.pdf
https://arxiv.org/pdf/2006.11477.pdf
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CTC fine-tuning

Base: 96M params

Large: 317M params
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● XLS-R: Self-supervised Cross-lingual Speech Representation 
Learning at Scale (Meta AI, 2021)

● https://huggingface.co/facebook

https://arxiv.org/pdf/2111.09296.pdf
https://arxiv.org/pdf/2111.09296.pdf
https://arxiv.org/pdf/2111.09296.pdf
https://arxiv.org/pdf/2111.09296.pdf
https://arxiv.org/pdf/2111.09296.pdf
https://arxiv.org/pdf/2111.09296.pdf
https://arxiv.org/pdf/2111.09296.pdf
https://arxiv.org/pdf/2111.09296.pdf
https://arxiv.org/pdf/2111.09296.pdf
https://huggingface.co/facebook
https://huggingface.co/facebook


마스터 제목 스타일 편집wav2vec2.0: layer-wise analysis

35

● Comparative layer-wise analysis of self-supervised speech models
(2022)

● Do we need the raw waveform? ⇒ Spectrograms

Spectrogram example

https://arxiv.org/pdf/2211.03929.pdf
https://arxiv.org/pdf/2211.03929.pdf
https://arxiv.org/pdf/2211.03929.pdf
https://arxiv.org/pdf/2211.03929.pdf
https://arxiv.org/pdf/2211.03929.pdf
https://arxiv.org/pdf/2211.03929.pdf
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Multi-Head
Self-Attention

LayerNorm

LayerNorm

FeedForward

+

+

FeedForward

+

Multi-Head
Self-Attention

+

Convolution
Module

+

FeedForward

+

LayerNorm
Conformer: Convolution-augmented Transform

er for Speech Recognition (Google, 2020)

Wav2Vec-Aug: Improved self-supervised trainin

g with limited data (Meta, 2022)

https://arxiv.org/pdf/2005.08100v1.pdf
https://arxiv.org/pdf/2005.08100v1.pdf
https://arxiv.org/pdf/2005.08100v1.pdf
https://arxiv.org/pdf/2005.08100v1.pdf
https://arxiv.org/pdf/2206.13654.pdf
https://arxiv.org/pdf/2206.13654.pdf
https://arxiv.org/pdf/2206.13654.pdf
https://arxiv.org/pdf/2206.13654.pdf
https://arxiv.org/pdf/2206.13654.pdf
https://arxiv.org/pdf/2206.13654.pdf
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● Pushing the Limits of Semi-Supervised Learning for Automatic 
Speech Recognition (Google, 2020)

● LibriVox (60k hours) + LibriSpeech (960 hours)

https://arxiv.org/pdf/2010.10504.pdf
https://arxiv.org/pdf/2010.10504.pdf
https://arxiv.org/pdf/2010.10504.pdf
https://arxiv.org/pdf/2010.10504.pdf
https://arxiv.org/pdf/2010.10504.pdf
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● Contrastive Siamese Network for Semi-Supervised Speech Recognition
(Google, 2022)

● Comparative layer-wise analysis of self-supervised speech models (2022)

https://ieeexplore.ieee.org/document/9747355
https://ieeexplore.ieee.org/document/9747355
https://ieeexplore.ieee.org/document/9747355
https://ieeexplore.ieee.org/document/9747355
https://arxiv.org/pdf/2211.03929.pdf
https://arxiv.org/pdf/2211.03929.pdf
https://arxiv.org/pdf/2211.03929.pdf
https://arxiv.org/pdf/2211.03929.pdf
https://arxiv.org/pdf/2211.03929.pdf
https://arxiv.org/pdf/2211.03929.pdf
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● contrastive approach
● The first method to get into single-digit WER on Librispeech

test-other using only 10 mins of labels.
● Learnable Vocab: Gumbel Softmax, Diversity Loss
● in-domain pre-training
● waveform → spectrogram
● Transformer → Conformer
● Frozen Encoder ⇒ Autoencoder-like behavior
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● HuBERT: Self-Supervised Speech Representation Learning by 
Masked Prediction of Hidden Units (Meta, 2021)

● Hidden Unit BERT

Transformer Encoder

zT

CNN Feature Extractor

z1 z2 z3 zk
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2
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● HuBERT: Self-Supervised Speech Representation Learning by 
Masked Prediction of Hidden Units (Meta, 2021)

● Hidden Unit BERT

Transformer Encoder

zT

CNN Feature Extractor
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20 5 57 7 5 13
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● HuBERT: Self-Supervised Speech 
Representation Learning by 
Masked Prediction of Hidden 
Units (Meta, 2021)

● Hidden Unit BERT Transformer Encoder

zT

CNN Feature Extractor

z1 z2 z3 zk
zk+

1

zk+

2
zT

Mz1 z2 zk M M

20 5 57 7 5 13

K-means Clustering

E.g., Spectrogram/MFCC/Mel Spectrogram

pseudo-
labels
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● HuBERT: Self-Supervised Speech 
Representation Learning by 
Masked Prediction of Hidden 
Units (Meta, 2021)

● Hidden Unit BERT Transformer Encoder

zT

CNN Feature Extractor

z1 z2 z3 zk
zk+

1

zk+

2
zT

Mz1 z2 zk M M

37 9 9

K-means Clustering

11 11 9 42

HuBERT Features
from previous iteration (6-th 

/ 9-th layer)
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● predictive approach
● no codebook collapse (offline vocab)
● intermediate layer activations as targets
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